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Inapreviouspaper,2)ｗｅｒｅｐｏｒｔｅｄａｓｔｕｄｙｏｆｔｈｅｍｖｊ"ometabolicconjugationof catecholestrogens，Z-hydroxyestroneand4-hydroxyestronebymeansofhigh-perfbrmance liquidchromatography(ＨPLC)withelectrochemicaldetection(ECD).Glucuronidationof thetwocatecholswiththeratandhumanliverl5009supernatantsinthepresenceofuridine‐ 
５'‐phosphoglucuronicacidprovidedtｈｅ２‐and4-glucuronides，respectivelylncontrast， incubationofcatecholestrogenswiththeguineapigliverl5009supernatantyieldedboth 
isomericringAmonoglucuronides・ThesesubstratesunderwentsulfationwiththeratlivercytosolfiPactionfbrtifiedwith3'一phosphoadenosine-5'一phosphosu]ｈｅ(PAPS),providingthe2-and4-sulfates・Thisinvestigation,however,hasnotyetbeenextendedtootherspecies・
Recently,themultiplicityofarylsulfbtransfbrasewassuggestedandpurificationofthe enzymewasundertakenbyseveralgroups､3￣5）SpeciesdifY1erencemaybeobservedinthe sulfationofcatecholestrogens，andhencethepropertiesoftheenzymeinvolvedareof interest・Inthisstudy,wehaveattemptedtoclarifythenatureofi"yjtrosulfationofcatechol
estrogensbyguineapigliverincomparisonwiththatbyratliver． 
MaterialsandMethods 












EnzymePreparation-ABeckmanL5-65ultracentrifUgewasusedlbrthepreparationofsubcellularfractions・Hartleystrainmaleguineapigsweighing400-500gweremstedovernightbefbresacrifice、Freshliverwashomogenizedinice-coldO25MsucrosesolutionwithaTeflon-glasshomogenizertoprovideafinalconcentrationof 20％(w/v)ThehomogenatewascentrifUgedfbrl5minat600x9,andthesupernatantwascentrifUgedsuccessively at8000x9fbrlOmin,ａｔｌ５０００ｘ９ｆｂｒｌＯｍｉｎ,ａｎｄａｔｌＯ５０００×９fbr60mmtoprovidcthemitochondria,lysosome 
andmicrosomefractions,respectively・Inasimilarfashion,theheshliverhomogenate(20％solutioninO25M
sucrose)frommaleWistarrats(200-3009)wasfractionated,andthesubcellularfiPactionswereusedfbrincubation studies,ProteinwasdeterminedbythemethoｄｏｆＬｏｗｒｙαα/､8)usingbovineserumalbuminasareference， 




monosulfate(100nmolinO1mlofHzO),catecholestrogen(l00nmolinO,lmlofMeOH),ＰＡＰ(200nmolinlmlof lmMTris-HClbuffer(ｐＨ8.7)),enzymepreparation(0.5mloflO50009supernatant:３mgprotein)and1.3mlofO1M phosphatebuffbr(ｐＨ5.0).Themixturewasincubatedandprocessedinthesamemannerasdescribedabove AssayProcedurefDrEnzymicGlucuronidation-ThemicrosomefiPactionofguineapigliverhomogenatewas usedfbrenzymicglucuronidation､Theenzymicactivitywasmeasuredaccordingtotheproceduredescribeｄｉｎｔｈｅ 
ｐｒｅviouspaper､2） 
ResultsandDiscussion 
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α）Figuresrepresentthemeanvaluesobtainedinduplicateexperimentsunderthestandard 
assayconditions(incubationtime,10ｍｍ)． 
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Fig.２．ＥＩＩｅｃｔｏｆｐＨｏｎｔｈｅＦｏｒｍａｔｉｏｎｏｆ 
ｌｓｏｍｅｒｉcMonosulfatesfromCatecholEstro‐ 
gensbyRatLiver 
Thesubstratesandｐｒｏｄｕｃｔｓｗｅｒｅｔｈｅｓａｍｅａｓｉｎ 
Ｆｉ9．１． 
Fig.１．EIIｅｃｔｏｆｐＨｏｎｔｈｅＦｏｒｍａｔｉｏｎｏｆ 
ＩｓｏｍｅｒｉcMonosuMntesfiPomCatecholEstro‐ 
gensbyGuineaPigLiver 
Substrate：ａ）Z-hydroxyestrone；ｂ）４－hydroxy‐ 
estrone・
Product：ａ）○－○，２－hydroxyestrone2-sulfate； 
△－△，２－hydroxyestrone3-sulfate；ｂ）○－○，４‐ 
hydroxyestrone4-sulfnte；△－△，４－hydroxyestrone 
３－sullate、Eachpointrepresentsthemeanvaluｅｏｂ‐
tainedinduplicateexperiments． 
containingthedenaturedenzyme，andtheirrecoveryrateswereestimatedEachcatechol 
estrogenmonosulfate(spikedattwolevels,LOand40〃g/ml)wasrecoveredatarateofmore
than74％(Tablel)． 
…再－－
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Thesubcellulardistributionoftheenzymeinvolvedinthesulfntionofcatecholestrogens 
wasinvestigatedwithguineapigliver・Theenzymicactivitywasfbundtobelocalizedinthe
cytosolfractionTheLineweaver-Burkplotunderneutralconditions(ｐＨ7.4)gaveapparent 
KmvaluesoflL3and5､3脚fbr2-and4-hydroxyestrones,respectively・Incubationof2-and
4-hydroxyestroneswiththeenzymepreparationgavethe2-and4-sulfates,respectively,asthe 
mainproducttogetherwiththe3-sulfate(TableII)Ithaspreviouslybeendemonstratedthat 
theratlivercytosolfiPactioniscapableoffbrmingthe2-or4-sulfateasasoleproductfiFom 
isomericcatecholestrogens､2） 
TheeffbctofthepHoftheincubationmediumonenzymicsulfationwasthenexamined 
withguineapig］ivercytosoLTheoptimalfbrmationofthemonosulfatesfi･omisomeric 
catecholestrogenswasobservedatthreedifferentpHslnthelowerpHregion(near5.O)the 
3-sulfntewasproduced,whileintheneutralregion(ｐＨ7-8)the2-or4-sulfatewasfbrmed・
InthehigherpHregion（nearM)，however，the3-sulfatewasproducedfrom4-hy‐ 
droxyestrone(Figla,ｂ).ThisresultpromptedustoexaminetheefIbctofpHonthesulfation 
ofthetwocatecholsbyratliverlncubationofthesubStratewiththecytosolfractionfbllowed 
byanalysisoftheproductswassimilarlycarriedout､AsillustratedinFig2a,ｂ,the3-sulfate 
wasfbrmedintheloweｒｐＨｒｅｇｉｏｎｗｈｉｌｅｔｈｅ２‐or4-sulfatewasproducedintheneutralpH 
regionThefbrmationofthe3-sulfatewasnotobservedinthehigherpHregion 
Whenthesubstratewasincubatedwiththedenaturedenzymepreparationunderthe 
conditionsdescribedabove,nosulfatedproductwasfbrmed,Recently,DuffleleM/､demon‐ 
stratedthatsulfilricacidtransferbetweentwophenolswascatalyzedbyarylsulfbtrans‐ 
ｆｅｒａｓｅｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆＰＡＰ・'0）Asregardscatecholestrogens，however，noevidence
wasobtainedfbrtheoccurrenceofsulfUricacidtransfbrbetweenthephenolicgroups・
ThepH-dependencyofenzymicglucuronidationwasalsoinvestigatedfbrcatechol 
estrogensThefbrmationoftheisomericglucuronideswithlivermicrosomesfTomguinｅａｐｉｇ 
ｗａｓｕnaflbctedbypHintherangeof5.0-10.0． 
ＡｌｔｈｏｕｇｈｔｈｅｅｆｆｂｃｔｏｆｐＨｏｎｅｎｚｙｍｉｃO-methylationof2-hydroxyestrogenshas 
previouslybeendemonstrate｡,''''2)thisisthefirstreportshowingthattheproductratioofthe 
isomericmonosulfatesfbrmedfiPomthecatecholisdependentuponthepHoftheincubation 
medium・ThepH-dependentformationoftheisomericcatecholestrogenmonosulfatesmight
beduetoalterationin･themolecularspeciesofthesubstrate,multiplicityofsulfbtransfbrase， 
orconfbrmationalchangeoftheenzymeThefirstexplanationappearstobeincompatible 
withthevirtuallyindistinguishablechemistryofthetwophenolicgroupsof2-hydroxyes‐ 
trogens・'3）Noplausibleexplanationisatpresentavailablefbrthevariabilityofenzymic
sulfatiOnPurificationoftheenzymesinvolvedinsulfationisclearlyessentiaLFurtherstudies 
ontheconjugationofcatecholestrogensarebeingconductedintheselaboratories,andthe 
detailswillbereportedinthenearfilture． 
AcknowledgementTheauthorsareindebtedtoMissesYoshikoYumuraandEmikoTerashimafbrtheir 
techmcalassistance､ThisworkwassupportedinpartbyagrantfromtheMinistryofEducation,ScienceandCulture 
ofJapan． 
ReferencesandNotes 
PartCCVIIof``StudiesonSteroids，,ｂｙＴ・Nambara;ＰａｒｔＣＣＶＩ:Ｈ・Hosoda,TKarube,Ｎ､Kobayashi,ａｎｄＴ・
Nambara,die、､Ｐｈｑｒｍ.Ｂ"ﾉﾉ.,３３，２４９（1985)．
KShimada,Ｙ・Yumura,ETerashima,ａｎｄＴ・Nambara,Ｊ・SZeroj‘Biochem.,20,1163（1984)．
YRomain,SDemassieux,ａｎｄＳ､Carri6re,BjocﾉlemBmpﾉiy８．ｈs・ＣＯ腕､皿".,106,999(1982)．
Ｇ､Rein,Ｖ､Ｇ１over,andMSandler,Ｂｍｃ/Iem.Ｐｈａｒｍａｃｏ/､,31,1893（1982)． 
T・Mizuma,HYamaguchi,MHayashi,ａｎｄＳ・Awazu,Ｃﾉiem.Ｐ/iα"".Ｂ"凪,31,4565（1983),andreferenccs
citedtherein． 
2） 
3） 
4） 
5） 
藤
689 Ｎｏ．２ 
Ｋ・Shimada,HShinkai,ａｎｄＴ､Nambara,Ｃﾉhe、､Ｐｈａｒｍ.βＭ・’30,4417（1982)．
S・SSinger,Ａ"αﾉ.Bjocﾉiem.,妬,３４(1979)．
0.HLowry,NJRosebrough,ＡＬ､Farr,ａｎｄＲ・JRandal1,Ｊ.Bjo/､ＣＷｅｍ.,193,265（1951)．
KShimada,ＦＸｉｅ,ETerashima,ａｎｄＴ,Nambara,Ｊ､Li9"〃diromα'０９「.,７，８８３（1984)．
の
刀
印
即
の
り
刀
印
Ｉ
１
１
１
 
Ｍ､Ｗ・ＤｕＨｅｌａｎｄＷＢ・Jakoby,JBjoﾉ.Ｃ/lem.,２託,１１２３(1981)．
PBall,Ｒ・Knuppen,Ｍ､Haupt,andHBreuer,助rJBjOcAem.,２６，５６０(1972)．
ANakagawa,ＲＯｈ，uchi,ａｎｄ1.Yoshizawa,Ｊ､Ｐｈａｒｍａｃｏ肋-Dy".,２，３６５（1979)．
J､Fishman,Ｍ､Miyazaki,andLYoshizawa,Ｊ・伽e｢・die、､ＳＯＣ.,89,7147(1967)．
演
蕊麟
綴
卍
瀞
i藤
麟
蕊
lill 
臘
麟
灘
滕
臓
鰯
麟
iｊ 
I.Yj、゛
l111illJiHJ 
